Background: Emergence delirium is a common complication in children, especially in preschool children undergoing ophthalmic surgery. The aim of the study was to investigate the effects of visual preconditioning (application of an eyepatch over the eye to be operated for !3 h the day before surgery) on emergence delirium after ophthalmic surgery under sevoflurane anaesthesia. Methods: One hundred and seventy-nine children undergoing unilateral cataract surgery, aged 3e7 yr, were involved in this prospective, blinded, randomised study. Subjects were randomised to receive visual preconditioning (Group P, n¼89) or to receive programmed explanation the day before surgery (Group C, n¼90). The primary outcome was incidence of emergence delirium evaluated by the paediatric anaesthesia emergence delirium (PAED) scale. The secondary outcomes included emergence time and post-anaesthesia care unit (PACU) stay time. Results: Children in Group P had a significantly lower incidence of emergence delirium than those in Group C [16.9% vs 44.4%, odds ratio (OR) 4.0, 95% confidence interval (CI) 2.0 to 8.0]. The maximal PAED score was lower in Group P than in Group C [4 (0e20) vs 9 (0e20), median difference e3.0, 95% CI e5.0 to e1.0]. Visual preconditioning prolonged emergence time (P<0.001) and PACU stay time (P¼0.002). Conclusion: Visual disturbance contributes to emergence delirium in preschool children undergoing ophthalmic surgery with sevoflurane, and prophylactic eyepatch treatment can reduce emergence delirium. Clinical trials registration: NCT02590744.
Emergence delirium (ED) is commonly seen in paediatric anaesthesia, especially in preschool children maintained by inhaling sevoflurane. 1 The incidence of ED varies from 10% to 80%, 2,3 which was also found high in our previous study in children undergoing ophthalmic surgery. 4 ED is defined as an inconsolable, irritable, and uncooperative status. And because of involuntary agitation with kicking and tilting thrashing, ED often requires extra nursing supervision. 5 Furthermore, ED can increase the risks of suture dehiscence or accidental removal of intravenous catheters because of the confusion state, 6 and negative postoperative behaviour. 7 In addition to preoperative anxiety, postoperative pain, and volatile anaesthetics, 8, 9 ophthalmic surgery is considered one of the important risk factors related to ED. 10, 11 As the eyes are covered with ointment and patches after ophthalmic procedures, we speculated that visual disturbance after surgery may contribute to ED, and prophylactic eyepatch by covering the eye to be operated the day before surgery may reduce the incidence of ED. Although several anaesthetics and sedatives have been suggested to prevent ED in children, 12e14 it has been observed these agents not only prolong PACU stay time, but also result in many undesirable side-effects including postoperative nausea and vomiting, and respiratory depression and severe adverse events in some patients. 15 Thus, non-pharmacologic methods to alleviate ED should be advocated in paediatric anaesthesia.
In the present study, we aimed to investigate the role of a non-pharmacologic method with visual preconditioning by prophylactic treatment with eyepatch in the prevention of ED in children undergoing ophthalmic surgery.
Methods
This clinical trial was approved by the Ethics Committee of Zhongshan Ophthalmic Center of Sun Yat-sen University (Guangzhou, China; reference number 2016MEKY045) and registered at ClinicalTrial.gov Protocol Registration System (reference number NCT02590744). Written consent was obtained from parents (or guardians). This single-centre, randomised clinical trial was conducted from January 2016 to July 2017 in accordance with the principles of the Helsinki Declarations.
Participants
Chinese children (aged 3e7 yr) with ASA physical status 1 and 2 were enrolled in this study to undergo elective unilateral cataract surgery at Zhongshan Ophthalmic Centre of Sun Yat-sen University, Guangzhou, China. Exclusion criteria included bilateral procedures, neurological illness, developmental delay, maladaptive behaviour, attention deficit disorder (ADD), autism, parental refusal, mild cold, and cough. Patients with respiratory complications (breathe holding or laryngospasm or severe cough with the treatment of propofol) after laryngeal mask airway (LMA) removal were excluded from the analyses.
Intervention
The enrolled children were randomised into two groups using a computer-generated randomisation program. Patients in the visual preconditioning group (Group P) received prophylactic treatment with eyepatch by covering the eye to be operated for at least 3 h the day before surgery. Patients in the control group (Group C) received a programmed explanation (patients and parents were told how the surgery will be performed and what will happen after the surgery using words and cartoons; Supplementary Fig. S1 ) the day before the surgery. Eyepatches (made with lightproof sterile gauze and medical tape) were allocated to the patients according to the random numbers in envelops by a trained nurse in the preoperative evaluation room, and patches were removed by parents after 3 h of covering.
All patients fasted for at least 6 h and received no premedication before anaesthesia. Preoperative anxiety was evaluated using the preoperative modified Yale Preoperative Anxiety Scale (m-YPAS) score 16 after patients arrived at the preoperative holding room and intravenous access for anaesthesia was obtained. Anaesthesia was induced intravenously (i.v.) with propofol (1 mg kg À1 ) at the holding room, and the children, accompanied by their parents, were then transferred to the operating room immediately after loss of consciousness. Fentanyl were subsequently administered for induction. The LMA (LMA Limited, Oxon, UK) was inserted after achieving sufficient depth of anaesthesia without neuromuscular blocking drugs. Anaesthesia was maintained via inhalation of 2e3% sevoflurane with synchronised intermittent mandatory ventilation (SIMV) to maintain P ET CO 2 (4.67e6.0 kPa). Non-invasive blood pressure, electrocardiogram, heart rate, pulse oxygen saturation, and end-tidal carbon dioxide were monitored throughout the surgery. Meanwhile, topical anaesthesia with 0.5% proparacaine hydrochloride (Alcon Inc., Fort Worth, TX, USA) at the beginning and completion of the surgery, supplemented with non-steroidal anti-inflammatory drugs (NSAIDs; Flurbiprofen Axetil, 1 mg kg À1 i.v.; Tidepharm Inc., Beijing, China), was administered to all patients to prevent postoperative pain. Upon completion of the surgery, ointment was applied to the operated eye, which was then covered with a patch. Sevoflurane was discontinued, and the concentration of oxygen was increased to 100% with oxygen flow at 6 L min À1 . The LMA was removed under anaesthesia state when spontaneous breath recovered with a tidal volume of >5 ml kg
À1
, and then the patients were transferred to the PACU for further observation.
The patients were continuously monitored for heart rate and oxygen saturation in the PACU and cared for by PACU nurses to evaluate the ED. Oxygen flow at 2 L min À1 was given through a mask until the patient recovered consciousness. Behaviour on emergence was measured using the paediatric anaesthesia emergence delirium (PAED) scale defined by Sikich and Lerman in 2004 17 every 10 min until children were discharged from the PACU when the modified Aldrete score reached 9.
17,18
Editor's key points
Emergence delirium is common among children undergoing eye surgery. Postoperative application of eye ointment and an eyepatch may cause or exacerbate agitation. The authors studied the influence of conditioning by application of an eyepatch the day before surgery. Eyepatch application significantly reduced the incidence of emergence delirium.
Outcomes
The primary outcome was the incidence of ED defined as a peak PAED score !10.
19 Two well-trained PACU nurses blinded to the group assignment were responsible for evaluating all patients with a standardised PAED scale. Severely agitated patients (score !16) were treated with an additional dose of propofol (10e20 mg, i.v.). The secondary outcomes included emergence time (time from discontinuation of sevoflurane to spontaneous eye opening or the first response to a simple verbal command such as being asked his/her name), duration of surgery and anaesthesia, and heart rates and mean blood pressure, and adverse events such as vomiting, cough, breath holding, laryngospasm, and oxygen desaturation.
Statistical analysis
Our previous study found that the incidence of ED in ophthalmic surgery was as high as 80% in children undergoing sevoflurane anaesthesia 6 ; therefore, a sample size of at least 81 patients per group would have a significance level of 5% (a¼0.05) and a power of 80% (b¼0.2) in detection of 20% reduction in ED incidence between groups, taking into account a dropout rate of 10%. Continuous data were reported as mean (standard deviation, SD) and were analysed with independent sample t-test. Non-parametric data were reported as median with range and were analysed with the ManneWhitney U-test. Categorical data were reported as frequency (percentage) and were analysed using the c 2 test. The binary logistic regression was performed to find the predictive risk factors of ED.
SPSS for Windows software (Version 13.0; SPSS Inc., Chicago, IL, USA) was used to conduct all statistical analyses. A P value <0.05 was considered statistically different.
Results
Two hundred and eight patients were recruited, of which 26 children were excluded for the following reasons: two patients underwent unanticipated bilateral eyes surgeries, seven showing enrollment data. A total of 208 children were randomised to group eyepatch (Group P) and the control group (Group C). Three patients of Group P and four patients of Group C did not arrive at the preoperative holding area on the day of surgery, two patients of Group P were administered sedatives to complete preoperative ophthalmic examinations on the day of surgery, nine patients of Group P and six patients of Group C suffered unexpected upper respiratory tract infection (URTI), and two patients of Group C underwent bilateral eyes surgeries. A total of 182 patients completed unilateral cataract surgery; however, two children in Group C and one patient in Group P were excluded because of breath holding and severe cough after laryngeal mask airway (LMA) removal that required 1e2 mg/kg of propofol i.v. immediately. A total of 179 of children were included in the final analysis (Group C, n¼90; Group P, n¼89).
children did not arrive at the preoperative holding area on the surgery day, 15 patients suffered unexpected upper respiratory tract infection, and two children were administered sedatives to complete preoperative ophthalmic examinations on the day of surgery. Overall, 182 patients completed the unilateral cataract surgery; however, two children in Group C and one patient in Group P were excluded because of breath holding and severe cough after LMA removal that required 1e2 mg kg À1 of propofol i.v. immediately. Thus, a total of 179 of children were included in the final analysis (Group C, n¼90; Group P, n¼89; Fig. 1 ). There were no significant differences in age, gender ratio, and ASA status between the two groups (P>0.05; Table 1 ). Preoperative m-YPAS score, duration of surgery, and anaesthesia were similar in both groups (P>0.05; Table 1 ). Also, there were no differences in history of surgery and educational background (P>0.05; Table 1 ).
The incidence of ED in the visual preconditioning group was significantly reduced than that in the control group [15 of 89 (16.9%) vs 40 of 90 (44.4%), odds ratio (OR) 4.0, 95% confidence interval (CI) 2.0e8.0; P<0.001; Table 2 ]. The maximal PAED score in Group P [4 (0e20)] was also dramatically decreased as compared with Group C [9 (0e20)] (median difference e3.0, 95% CI e5.0 to e1.0; P¼0.002; Table 2 ). Meanwhile, the number of patients requiring additional propofol treatment to control ED was increased in Group C compared with Group P [four of 89 (4.5%) vs 14 of 90 (15.6%), OR 3.9, 95% CI 1.2e12.4; P¼0.014; Table 2 ). Of note, two patients in Group C and one patient in Group P suffered breath holding or cough, and all recovered uneventfully with propofol treatment. None of the other patients suffered postoperative nausea and vomiting or oxygen desaturation in either group ( Table 2) .
As many factors contribute to ED, 20 we performed univariate analysis to reveal the association between variables and ED (Table 3) , and we conducted binary logistic regression to find the predictive risk factors of ED from the variables in which the P value was <0.2 in the initial univariate analysis (Table 4) . 6 The results showed that history of surgery (OR 2.46, 95% CI 1.18e5.16; P¼0.017) and preoperative anxiety (OR 1.03, 95% CI 1.01e1.05; P¼0.003) were significant risk factors of ED. On the contrary, prolonged emergence time (OR 0.95, 95% CI 0.93e0.98; P<0.001) was associated with reduced incidence of ED. Interestingly, children in Group C displayed higher heart rates than those in Group P during the period from 10 min after LMA removal until being discharged from PACU ( Supplementary  Fig. S2 ). The mean blood pressure was comparable between both groups during anaesthesia (Supplementary Fig. S3 ).
Discussion
In the present study, we found that visual preconditioning by prophylactic use of eyepatch the day before surgery can significantly reduce the incidence of ED while extending emergence time and PACU stay time in preschool children undergoing unilateral cataract surgery with sevoflurane anaesthesia. Binary logistic regression analysis showed that history of surgery and preoperative anxiety were significant risk factors of ED. ED is one of the complications commonly seen in paediatric anaesthesia, especially in preschool children with a sevoflurane-based anaesthesia. 21 ED can result in accidental injury and even maladaptive behavioural changes in the postoperative period. 22 The incidence of ED has been attributed to several factors including postoperative pain, age, and surgery types such as ENT (ear, nose, and throat) surgery and ophthalmic surgery. 23, 24 As the operated eyes covered by the patch can lead to visual disturbance after ophthalmic surgery, it is generally believed that visual disturbance was the main reason contributing to the high incidence of ED because of the immaturity of neural development in preschool children. 25 In the present study, we designed visual preconditioning to make the children adapt to the experience of visual disturbance the day before the surgery, and we found that children with prophylactic adaptation to visual disturbance displayed significantly lower incidence of ED as compared with their peers in the control group. Meanwhile, the number of patients with additional propofol treatment to control ED was also decreased in the preconditioning group as compared with the control group. The findings from our study provided a new perspective method to reduce ED in children undergoing ophthalmic surgery. Previous study has suggested that preoperative anxiety was one of the risk factors of ED. 23 Many non-pharmacologic methods have been applied to alleviate preoperative anxiety. For example, Kerimoglu and colleagues 26 showed that video glasses can be used as a distraction tool for the management of preoperative anxiety in children. Moreover, music and child care specialists and the good style of communication used by anaesthesiologists and staff may also reduce distress through distraction. 27, 28 In the present study, several methods have been adjusted to alleviate preoperative anxiety; first, children were at the preoperative holding area accompanied by the parents; second, anaesthesia induction was conducted at the preoperative holding area. Consequently, the preoperative anxiety scores were minimised and comparable between both groups with our efforts. In agreement with previous studies, 3, 23 we also found that preoperative anxiety was an independent risk factor of ED in the present study. The results further suggested that it is important to limit preoperative anxiety in paediatric anaesthesia. In order to exclude the influence of postoperative pain in ED, we enrolled children undergoing cataract surgery, which was considered one of the short-term procedures with minimal postoperative pain of visual analgesia score of 1e2 29 ; in addition, topical anaesthesia and 1 mg kg À1 fentanyl and 1 mg kg
À1
Flurbiprofen Axetil injection were administered to control postoperative pain. Indeed, the score of postoperative pain was mild as assessed using the WongeBaker Faces Pain Scale with these treatments (Fig. 1 online video) . 30 As we excluded the role of postoperative pain, the results strongly indicated that visual disturbance after ophthalmic surgery is one of the critical reasons contributing to ED in preschool children. The most appropriate treatments for paediatric lens diseases are cataract removal and subsequently intraocular lens implantation to avoid childhood blindness. 31 In the present study, the practice of visual preconditioning is intended to preoperatively cover the eyes to be operated, although our previous study reported that paediatric unilateral cataracts are highly associated with amblyopia. 32 It should be pointed out that the diseased eye still has the illumination reaction and the indication for cataract surgery. 33 As such, the loss of existing poor visual acuity covered by a patch after surgery may induce considerable fear in these children; consequently, this fear of visual disturbance may result in the occurrence of ED. Interestingly, children in the visual preconditioning group showed prolonged emergence time and lower heart rates compared with their peers in the control group when were cared for in the PACU. Although the precise mechanism remains unknown, we noticed that there is a trend of more children displaying m-YPAS <40 with prophylactic eyepatch treatment. Visual preconditioning is supposed to attenuate the psychological stress associated with reduced corticotropin releasing factor (CRF) after ophthalmic surgery. 34, 35 The decreased levels of CRF in the visual preconditioning group may contribute to the prolonged emergence time and reduction in heart rates after anaesthesia as CRF plays an important role in regulating behavioural state and heart rate changes. 36, 37 A study with a larger sample size will be conducted in the future to explore the underlying biological mechanism. Although benefits of the prophylactic treatment with eyepatch by covering the eye to be operated were achieved by this prospective, randomised study, several limitations should be noted. First, we did not add one group to receive pharmacologic treatment (e.g. dexmedetomidine, midazolam) to this study as a positive control group. Further study should be conducted to focus on this issue. Second, prophylactic eyepatching may cause inconvenience and raise potential risks of injury for children. It requires parents (guardians) to take good care of them during the preoperative treatment. Third, parental anxiety is a confounding factor contributing to ED. 38 We evaluated the parents' backgrounds including education and income rather than anxiety level in the present study, which may be a source of potential bias in the incidence of ED although the backgrounds were similar between both groups.
In summary, based on our rigorous criteria on enrollment, visual disturbance plays an important role in the occurrence of ED in preschool children undergoing ophthalmic surgery with sevoflurane anaesthesia (Fig. 2) .
